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Hands are a common exposure site for chemicals, and as such, gloves are a core 
component of PPE (personal protective equipment). In order for a glove user to be certain 
that they have adequate protection, they need to know how a particular type of glove will 
react to the specific chemicals or chemical mixtures they will be encountering. This can 
only be achieved by specific testing of gloves against the exact chemicals that will be 
interacted with. Existing research tends to focus on the efficacy of gloves in relation to 
single chemicals or compounds; however, much practical work with chemicals (such as 
counter-narcotics, counter-terrorism activity, and even industry) involves chemical 
mixtures. A chemical mixture may result in variations to breakthrough time and 
permeability of the glove material.  For the most accurate information, testing needs to 
mimic the real-world scenario in which the glove will be used as accurately as possible. 
The aim of this literature review was to examine the existing research in relation to 
gloves, to determine areas where further research is required. Further research into the 
efficacy of gloves in relation to chemical mixtures is recommended in order to gain a 
better understanding of the protective capacity of gloves. This research should cover both 
a range of glove types, as well as a range of chemical mixtures that the gloves will be 
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Personal protective equipment (PPE) is used to prevent users from being exposed 
to hazardous chemicals in a working environment1,2,3. One of the most common exposure 
sites on the human body where skin may come into contact with chemicals are the 
hands4, which makes gloves an important component of PPE. Therefore, in order to make 
informed safety decisions, it is crucial to know how effective a particular type of gloves 
will be in protecting skin from exposure to the type of dangerous chemicals likely to be 
encountered. Depending on the material of the gloves or chemicals encountered, gloves 
may not provide the appropriate level of protection for a particular job – or the particular 
chemical mixture3. Certain chemicals can react differently to different glove materials. For 
example, nitrile gloves are effective in protecting the skin from ethanol, while latex or 
rubber gloves are ineffective as a barrier to this compound5. For this reason, it is 
important to know how the material of the glove will interact with the chemicals in 
question in order to know if the gloves will be effective in protecting against the 
substances, and if so, for how long. Manufacturers tend to release information relating 
how the gloves will interact with specified, singular chemicals, to ensure that they meet 
relevant industry standards; however, these guidelines do not specify how effective the 
gloves are in relation to mixtures of these chemicals6. This information is also unavailable 
in scientific literature. While there are some studies that report how gloves react in the 
presence of a chemical mixture, which will be discussed in this review, these studies are 
few and far between. Furthermore, the results from the studies that do exist commonly 
can only be applied to a particular field or task, such as the testing undertaken by Mellete 
et al7 to determine how effective protective garments are at protecting workers using 
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spray polyurethane foam insulation from isocyanate permeation. As such, research needs 
to be expanded to increase the availability of research that is relevant to the particular 
task a glove is intended to be used for, and to the likely scenarios in which they could be 
employed. 
 
Glove material may react differently to a chemical mixture than it might to any of 
the isolated chemicals within the mixture. In field applications – particularly the areas of 
explosives testing and counter-narcotics – the chemicals that are commonly encountered 
are in mixtures, rather than isolated compounds6, making this information crucial to the 
safety of the user in the context of their use. Knowing whether a particular glove will 
effectively protect the worker from the mixture at hand, and notably the length of time 
that the glove is able to provide that protection for, is critical for worker safety. Even 
factors such as movement of the glove can affect the chemical permeation through glove 
material8. Therefore, in order to make an informed decision about which glove to use in a 
particular situation, more research into situational effects on the protective capacity of 
gloves is necessary. The chemical resistance of gloves is evaluated by examining 
degradation and permeation of the glove4. The ability to select an appropriate glove for 
safety purposes becomes more complicated when working with chemical mixtures rather 
than single chemicals6; as such, research into how gloves interact with commonly 
encountered chemical mixtures may provide crucial information. 
 
In order to comply with industry standards, glove manufacturers must meet 
requirements in the areas of mechanical and chemical protection, among others9. Each 
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type of glove is tested for degradation and permeation breakthrough time when exposed 
to particle chemical compounds9. Permeation rate can vary depending on the material of 
the glove8. The testing of the efficacy of protective wear in areas such as permeability and 
tensile strength is generally undertaken by the manufacturers of the products in 
accordance with an international standard7. In the case of the gloves produced by 
manufacturer Ansell, this is the European Glove Standards for Protective Gloves9. In order 
to meet these standards, products are tested for efficacy in relation to singular chemicals7 
– however, when facing real-world applications, users are more likely to come into 
contact with chemical mixtures7, which may yield a different result. Research by Ceballos 
et al10 found that workers frequently relied on glove distributers for information 
regarding chemical compatibility, rather than the manufacturers. It is therefore important 
to broaden the scope of research in this area to ensure that the relevant safety 
information is readily available to protect those using the gloves.  
 
An area where glove safety is especially relevant in fieldwork is that of forensics, 
particularly in the fields of counter-narcotics and counter-terrorism. When investigating 
clandestine laboratories, such as methamphetamine labs, exposure to hazardous 
chemicals including hydrogen chloride, iodine, and ammonia is highly probable11. As 
already stated, knowing how the physical properties of the gloves will be affected by 
these types of chemical mixtures is critical information in ensuring the safety of 
individuals who are operating in these environments1. One common pathway of exposure 
is the permeation of hazardous chemicals through the material of the glove3. Nitrile 
gloves have been shown to have a longer breakthrough time (BT) than vinyl or latex 
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gloves8. In order to properly provide important safety information, understanding how 
factors such as permeation (measured through BT and steady state permeation rate 
(SSPR)) and tensile strength are affected by exposure to chemical mixtures is of critical 
importance. 
 
In terms of counter-terrorism activities, protection from exposure to chemical 
mixtures used in explosive devices is increasingly relevant12. Research by Klapotke et al13 
found that the existing classifications for gloves protecting against mechanical risks does 
not provide adequate information on glove suitability for use in the handling of explosive 
material. The use of explosive materials has increased significantly in recent years12, 
which subsequently increases the need to ensure that workers involved in defusal and 
disposal of explosive materials are adequately protected from any materials used in the 
development of explosive devices. 2,4,6-trinitrotoluene (TNT), for example, is one of the 
most commonly-encountered explosives, and the preparation of this explosive utilises 
large quantities of nitric and sulfuric acids14. For workers dealing with this solution, it is 
therefore important to know not only how their gloves will react to nitric acid and sulfuric 
acid in isolation, but also how long and how effectively the gloves will protect them 
against a combination of these acids. This is particularly important considering that 
explosive chemicals of this nature are known to be both toxic and carcinogenic15. Another 
type of explosive that is becoming increasingly common is peroxide explosives such as 
triacetone triperoxide (TATP) or diacetone diperoxide (DADP)16. TATP is commonly used 
in both terrorist and other criminal activity, as the compound is easily synthesised, and 
the reagents are readily available16,17,18. TATP is frequently used in improvised explosive 
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devices (IEDs)17, and provides 80% of the explosive power of TNT18. The same issues arise 
for anyone required to interact with mixtures involving the precursors to these 
explosives.  
 
As these gloves are used to interact with chemical mixtures, it is important to 
know whether the efficacy of the gloves is compromised in the presence of certain 
chemical mixtures, and whether the gloves remain effective with exposures of extended 
duration in relevant areas such as counter-terrorism and counter-narcotics. In order to be 
able to accurately determine the protective capabilities of a glove, the simulated testing 
scenario needs to mimic the scenario of real-world applicability as precisely as possible13. 
Under certain conditions, the efficacy of the gloves may be compromised and therefore 
fail to provide adequate protection to the wearer3. For the user to have confidence in the 
protection provided by the gloves, it is necessary to have information relating to the 
permeation and tensile strength of the gloves when exposed to the types of chemical 
mixtures that will be encountered3. This review will discuss the currently available 
research into glove use in order to establish the importance of gloves as an element of 
PPE, and to critically examine the elements of glove testing that are necessary in order to 
select the most appropriate gloves for a safe working environment, as well as highlight 






IMPORTANCE OF GLOVES; SKIN AS AN EXPOSURE ROUTE 
The use of PPE (personal protective equipment), or CPC (chemical protective 
clothing) as it is sometimes referred to, is the leading method of protecting the skin from 
exposure to hazardous chemicals in the workplace2. Gloves are one of the most basic 
components of PPE. This is due in part to the fact that hands are considered to be the site 
most at risk of exposure to hazardous materials, especially in the workplace4. In the 
absence of gloves, skin is the primary defence against chemical exposure, and permeation 
of these materials through the skin is an exposure pathway that can lead to occupational 
disorders and skin diseases1. As such, the study of how the chemical and physical 
properties of protective gloves impact the permeation of solvents is of significant value in 
protecting those who work in contact with chemical hazards1.  
In 2019, Banaee and Que Hee4 conducted a review of the research into gloves and 
relevant permeation standards in relation to chemicals. They particularly focused on skin 
exposure, as hands are major exposure sites. They found that very few guidelines exist to 
outline acceptable rates of exposure to chemicals, and this lack of information makes it 
difficult to conduct risk assessments of workers. Significantly, they also found that the 
major permeation standards are not identical, and thus recommend that the standards be 
completely harmonised. Current standards only require the testing of a portion of the 
glove, which may be relevant when interpreting test results, as the whole glove 
experiences forces during the actions of donning and doffing the glove, as well as flexion 
and extension of the glove during use – research has found that movement can affect the 
permeability of gloves8. Banaee and Que Hee4 state that due to the millions of employees 
that work with chemicals and are therefore potentially at risk due to a lack of specific 
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information, more research is required to anticipate, identify, control, and avert the 
exposure of skin to chemicals. As gloves are still the primary method of hand protection 
for those working with chemicals, more research in this area is required. They further 
recommended that BT terminology and definitions be synchronised. The research 
examined by Banaee and Que Hee4 does not distinguish between glove types, but is an 
overall view on the state of research into gloves and permeation standards. A wider range 
of research relating to gloves and how they react in fieldwork-type scenarios is required 
in order to gain a more accurate idea of how gloves will respond in a real-life scenario. 
This will go towards improving occupational safety, and reduce the risk of chemical 
exposures.  
 
In examining protective gear used to protect workers against isocyanate 
permeation, Mellete et al7 observed the relevance of permeability of PPE in protecting 
workers from adverse effects of the chemicals in use. Through measuring the cumulative 
concentrations of total isocyanate, as well as its mixture components, that permeate 
commonly used disposable gloves, they aimed to identify the limitations of protective 
garments. They tested breakthrough (BT) detection time, average permeation rate, and 
standardised BT. Of the gloves tested (3 mil thick nitrile gloves, firm grip nitrile coated 
gloves, latex gloves, and no gloves), latex gloves were found to display the greatest rate of 
permeation, with a maximum cumulative permeation at 20 minutes. Field observations 
suggested that those spraying the polyurethane foam often utilised the same pair of 
gloves for the entire duration of their task. Mellete et al7 found that exposure to the spray 
polyurethane foam (SPF) used for insulation (which contains isocyanates, which are 
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potent immune sensitisers) resulted in adverse health outcomes such as asthma (though 
not related to gloves, is indicative of attendant risks), and may contribute to systematic 
sensitisation. In particular, skin exposure was found to potentially result in both allergic 
contact and irritant dermatitis. The study only tested 53 participants, with a widely varied 
number of subjects for each glove – 40 of the participants wore the 3 mil thick nitrile 
gloves, while only 2 wore latex gloves. One participant wore no gloves. This lack of 
consistency between group sizes, combined with the small sample size, may compromise 
the ability to compare the average results obtained for each condition. Similarly, the 
accuracy of the results obtained for each condition may depend on the number of 
participants – the results obtained relating to the 3 mil nitrile gloves, with 40 participants, 
would likely be more accurate than those obtained from the two latex glove participants 
due to a larger sample size. Furthermore, the results obtained from this study relating to 
the effectiveness of particular glove types can presumably only be accurately applied to 
similar, if not the same, SPF insulations formulations. This study is likely to be extremely 
relevant to those working in the field applying SPF insulation, as the testing of the effects 
of chemical exposure to the gloves is specific to the field and the chemicals being used.  
 
A 2005 study by Gao, El-Ayouby, and Wassell2 examined the decontamination 
efficacy of three types of chemical protective gloves for multiple 
exposure/decontamination cycles. Three glove materials were examined – neoprene, 
butyl rubber, and nitrile synthetic rubber. The test chemicals used were toluene and 
acetone. Permeation was assessed in a closed-loop system with an MIRAN infrared 
analyser. Swatches were cut from the back and palm of each glove, with the outer surface 
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of each swatch being exposed to the solvent. Each glove swatch was taken from a single 
manufacturing batch. Toluene was tested against all three glove materials, while acetone 
was only tested against the neoprene and nitrile synthetic rubber gloves – this is because 
the BT for acetone against butyl formulations has been estimated at greater than 480 
minutes2. Neoprene was found to be much more effective against acetone than toluene, 
lasting approximately 15 minutes longer before permeation was detected. Nitrile 
synthetic rubber was found to be more effective against toluene, with butyl lasting for 
less than 6 minutes before permeation was detected. In practical use, it is not clear 
whether the palm and back of the glove would be the areas most likely to come in contact 
with chemicals during use. Assuming that the thickness of the glove is not universal across 
the whole garment, it may be more relevant to test the higher traffic areas of the glove – 
such as the fingers, where more pressure is often applied and which tend to be in contact 
with the chemicals more frequently – in order to gain permeation times that are able to 
be practically applied to work situations. This study, however, has indicated that 
respective glove materials respond differently to different chemicals, which suggests that 
a glove type needs to be individually tested for each chemical and chemical mixture that 
may be encountered in order to get an accurate indicator of glove efficacy. In their 2002 
review, Klingner and Boeniger6 concluded that comprehensive studies evaluating the 
actual performance of glove use in workplaces, and the way variables affect the 
performance of the gloves, are virtually non-existent. As such, this is an area of research 
that needs more examination, with a need to expand on the studies available relating to 
the actual performance of glove use in workplaces, as well as a need to develop research 




SELECTION OF APPROPRIATE PPE 
As has been established, knowing how chemical and physical properties of 
protective gloves affects solvent permeation is important for worker health and safety. In 
particular, specific testing permeation parameters is required to understand the 
effectiveness of gloves when working with certain chemicals, and in discrete conditions. 
Knowledge of permeation parameters is also critical in selecting appropriate gloves for 
the work being conducted. These parameters are used as an indicator for the period of 
time in which the glove is providing appropriate protection from the activity at hand2.  
Chao, Wang, and Lee3 modelled organic solvent permeation through protective 
gloves, specifically testing the diffusion of benzene, toluene, and styrene, through nitrile 
and neoprene gloves. The rationale for their research was that correct glove selection for 
worker protection requires the assessment of multiple factors. These factors include the 
type of solvents and materials to be handled; the permeation potential of, and the 
resistance of the material to the solvent; and the way the solvents are being interacted 
with. Swatches were cut from the flat area of the gloves, and permeation testing was 
conducted using the ASTM F739-96 liquid chemical permeation test method, with an 
open loop system. The solubility of each organic solvent in polymer was established in a 
separate, long-term immersion experiment. The swatches were immersed in the solvents 
in sealed bottles at a constant temperature, and weighed every 4-8 hours. The gloves 
were typically found to reach a constant weight after 24 hours. The nitrile glove was 
found to more effectively restrict the permeation of organic solvents than the neoprene 
glove. Chao, Wang, and Lee concluded that the permeation of chemical mixtures can be 
different to the permeation of individual solvents. As with the previously referenced 
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study by Gao, El-Ayouby, and Wassell2, the flat area of the gloves was tested, which may 
not be the most commonly contacted area. 
 
Gloves as an item of protective wear are critical in a range of operations relating 
to chemicals. A recurrent edict in safety data sheets is to ‘use the appropriate glove’. The 
determination of the type of glove which is appropriate in the circumstance needs to be 
done by a professional, someone who understands the relevant factors and is able to use 
professional judgement4. In an effort to be able to provide a more useable, objective 
method of determining glove suitability, the science department at Murdoch University 
has developed a glove chart that suggests which glove is most effective for a particular 
type of chemical5. The development of this chart has been incredibly time consuming, and 
a great commitment on the part of the staff of the department. Knowing this, a wider 
range of research relating to gloves and how they react in fieldwork-type scenarios is 
required in order to gain a more accurate idea of how gloves will respond in different 
real-life scenarios. This will result in improved occupational safety by reducing the risk of 
chemical exposures. Research into this area, allowing a more comprehensive and 
widespread development of glove application recommendations, would provide useful 
data to improve the safety of those working with chemicals. It would also go some way to 
removing the subjective element, and the requirement for ‘professional judgement’ in 
determining which glove is appropriate for use in a specific situation. 
 
As stated, testing of the efficacy of protective wear in areas such as permeability is 
typically undertaken by the product manufacturers according to an international 
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standard7. In conducting a review of the literature relating to the selection of chemical-
resistant gloves, Klingner and Boeniger6, determined that many chemical and physical 
variables can affect the field performance of gloves and that the majority of these 
variables are difficult if not impossible to reproduce in a controlled laboratory setting. 
Workplace outcomes such as the transfer of contamination to the inside of the glove, or 
improper glove use, complicates the assessment of glove performance. They propose that 
workplace monitoring should be conducted in order to accurately determine glove 
efficacy and worker exposures during real-world situations.  
 
Selection of appropriate PPE for the task at hand requires knowledge of the 
individual properties of each glove type, and information based on consistent, relevant 
testing of gloves. Phalen and Wong19 looked into the difficulty in selecting disposable 
nitrile exam gloves, considering product variability, types and formulations, and the more 
specific issue relating to the inability of common quality control tests to detect small 
holes in the fingers. To do this, they tested six clean room and five low-modulus 
disposable nitrile gloves. They calculated the area density of the gloves, and measured 
the tensile strength and percent elongation at break using the ASTM Method D412. Glove 
density and thickness were measured using the method already established for testing, as 
described in a previous paper(20). Prior to analysis, the glove samples were conditioned 
overnight at 51 ±4% relative humidity and 21.1 ±0.5°C16. Significant differences in tensile 
strength and area density were noted between the two glove types, both of which are 
affected by glove formulation. Results suggested that glove formulation has an impact on 
glove integrity. There is limitation relating to the extent to which these results can be 
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extrapolated, due to the study only testing a single material (nitrile) and only two glove 
types, thus giving only a limited scope of application. However, this is still useful 
information to those who utilise those specific gloves, and the research as a whole 
provides support to the notion that glove formulation and other properties affect the 
integrity of the glove in use. 
 
In order to select the most appropriate PPE for the activity at hand, there needs to 
be a greater understanding of the glove itself, and how the gloves will react in industry 
situations. Mylon et al21 reviewed glove and hand research relating to glove design, 
specifically focusing on skin friction; manual performance testing; hand function; glove 
comfort, fit, and durability; as well as user perception. A need for tests that are 
repeatable, quantifiable, and importantly, realistic, was identified. They found a dearth of 
studies isolating individual glove properties such as thickness, composition, fit, and grip, 
and subsequently a lack of studies identifying the effects of these properties on clinical 
performance. This lack of research makes it difficult to make supportable, evidence-based 
recommendations for clinicians. While this review by Mylon et al focused on medical 
gloves and design, it does further highlight a lack of testing with a focus on clinical use or 
other industry-based use of gloves.  
 
TESTING THAT MIMICS PRACTICAL USE/FIELD USE 
For the purpose of selecting the most appropriate PPE for the task at hand, the 
results of lab testing of gloves need to be able to be extrapolated to real-world 
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circumstances. In order to gain the most accurate information relating to glove efficacy 
for use, there is a need for testing that replicates scenarios and chemicals that are likely 
to be encountered in the field. This may take the form of testing gloves against specific 
chemical mixtures and compounds that are likely to be encountered at a particular job 
site, such as spray polyurethane foam used by SPF insulation contractors7, or replicating 
the way the glove is likely to be used mechanically8. Testing that accurately mimics the 
real-world use of the glove would allow the data obtained to be extrapolated to fieldwork 
with a higher degree of accuracy than more abstract testing.  
 
There appears to be a lack of research relating to glove properties and their 
effects on clinical performance.  Mylon et al21 conducted a review of research into 
medical gloves in 2014, and they identified a need for glove testing that was replicable, 
quantifiable, and realistic. They noted that there is a lack of studies that examine 
individual glove properties, such as thickness, material composition, grip pattern, or fit, to 
identify the effects of these properties on clinical performance. This makes it difficult to 
give justifiable recommendations to clinicians. Similarly, Banaee and Que Hee4 noted that 
the standards for gloving testing only require testing of a subsection of the glove, while 
realistic use of the glove in industry use results in forces being applied to the glove as a 
whole. This means that the results obtained in research may not be applicable to field use 
of the glove, and subsequently may affect the capacity to select the most appropriate 




Whether the mechanical movements of the glove affect permeation may be an 
important question in fields where gloves are used for more physically demanding tasks. 
Phalen, Le, and Wong8 investigated this question, examining whether exposing gloves to 
movement affects their chemical permeation. They tested commonly used glove types – 
disposable latex, nitrile, and vinyl – with similar thicknesses, utilising a test system used to 
simulate whole-glove movement and measure permeation parameters of the gloves. The 
gloves were exposed to ethyl alcohol for a 2-hour duration.  A significant decrease in BT 
was consequently noted for the latex and nitrile gloves, with no significant change noted 
for the vinyl gloves. There was a significant variation in BT between the glove types, both 
with and without movement, although the differences were greater with the addition of 
simulated movement. SSPR increased significantly with the addition of movement for the 
nitrile gloves only, with an increase of over 40%. No significant alteration in SSPR was 
observed for the latex or vinyl gloves. Simulated movement significantly affected the 
chemical permeation of the gloves. The results obtained by this study are useful for field 
applications using these particular gloves, as long as the gloves are in use for two hours or 
less. To gain accurate information as to the effectiveness of the gloves when in use for 
longer than two hours, further testing is needed. As only one test chemical – ethyl alcohol 
– was evaluated, testing would need to be undertaken using other chemicals to know 
whether these results can be further extrapolated. It is not clear whether the simulated 
movement used in this study accurately replicates the type of movement the gloves 
would be exposed to in normal practical use, which may also affect the applicability of the 
results. As a result of their research, Phalen, Le, and Wong8 concluded that further 
research is required in this area in order to allow occupational health professionals to 
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make informed choices when selecting gloves, in particular relating to the thin, disposable 
gloves frequently used by workers. 
 
There has been little research into suitability of PPE such as gloves in the field of 
explosives handling. Klapötke et al13 investigated this issue, with the justification that in 
order to be able to judge the protective ability of a given glove type, the simulated 
scenario needs to emulate the actual risk as closely as possible. They tested four types of 
gloves (double steel core Kevlar gloves, rubber-coated Kevlar glove, single steel core 
Kevlar glove, and a thick latex glove) against a threat of 1-2 g of primary explosive in a 
glass container. The gloves were tested against three explosion scenarios: the explosion 
directly centred on the glove; the glove at a distance of 10 cm from the centre of the 
explosion; and the hand holding the glass containing the explosive tightly. They found 
that wearing protective gloves in a double-gloved fashion provided adequate protection 
from the simulated threat but noted that this approach does tend to restrict hand 
movement. A larger set of tests would allow statistical evaluation of the results, which 
would help to establish standardised testing protocols for standardisation of safety gloves 
for the handling of explosives. Testing gloves against materials other than glass, or against 
other types of explosives, would go towards providing a larger range of data that would 
be applicable to real-world scenarios. In undertaking these tests, it should be ensured 
that the gloves are being tested against quantities in which the explosives used are 




Many variables can impact the field performance of gloves, and as previously 
noted, a lot of these variables are difficult if not impossible to replicate accurately in a 
controlled laboratory experiment6. It has also been identified that detailed studies 
evaluating the actual performance of glove use in industry use, as well as the way 
variables affect glove performance, are virtually non-existent6. In order to accurately 
judge the protective performance of protective equipment, the simulated tested scenario 
must resemble the real scenario as closely as possible. The current classification and 
information relating to the suitability of gloves for the handling of chemicals does not 
reveal sufficient information relating to the compatibility of a glove with mixtures of 
chemicals. Further research into this area is required in order to improve the ability to 
select the most appropriate glove for a particular task. It is likely that in order to obtain 
the most reliable, accurate information required for glove selection, industry- and task-
specific research and testing will need to be undertaken. 
 
IMPROVING CURRENT GLOVE TESTING AND SELECTION  
For improved workplace and general laboratory safety, it is necessary for the most 
effective glove to be used for each task. In order to be able to determine the most 
effective glove, the current state of glove testing and compatibility selection information 
needs to be expanded18. As already established in this paper, testing of gloves, or more 
specifically glove types, needs to be conducted in a way that replicates real-world use, 
both in terms of the chemicals tested and the way the glove is used. Banaee and Que 
Hee4 conducted a review into the current state of research into gloves and permeation 
standards in relation to chemicals, and found that the major permeation standards are 
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not identical. They recommend that the standards be made more consistent. Having a 
uniform standard for testing would provide a more stable platform on which to undertake 
research, and allow for easier comparability between studies in the same area of 
research. They also noted that standards only require testing of a portion of the glove, 
whereas during donning and doffing the whole glove experiences forces, as well as flexion 
and extension during use. The variables associated with movement, along with changes in 
temperature, can affect glove resistance. A uniform standard for breakthrough time 
terminology was also recommended by Banaee and Que Hee as a result of their research.  
 
Klingner and Boeniger6 conducted a critique of assumptions in selecting chemical-
resistant gloves. They argue that real-world applicability of manufacturer permeation 
data needs to be the basis for glove selection, as the primary consideration should be the 
efficacy of selected gloves in protecting the user during a specific usage. The 
manufacturer data may not accurately or adequately reflect workplace conditions in 
which multiple variables are encountered. As such, using manufacturer data as the sole 
basis for selecting gloves may not be practicable. Many chemical and physical variables 
can affect field performance, but these variables tend to be very difficult, if not 
impossible, to replicate in a controlled laboratory setting. This does not take into account 
workplace behaviours – improper glove use or reuse or transfer of contamination to the 
inside of the gloves, for example – which further complicate the ability to test the gloves 
for workplace safety. As such, Klingner and Boeniger6 recommend that workplace 
monitoring should be conducted in order to evaluate glove performance and exposures 
under actual workplace use scenarios. There is a need to expand on the studies available 
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relating to the actual performance of glove use in workplaces. While many studies will be 
unable to accurately replicate workplace performance of gloves due to safety risks and 
time constraints, there are factors that can be focused on in order to improve the 
relevance of results, such as using chemical compounds that are commonly encountered 
in the field. This would provide a more accurate assessment of how the gloves respond to 
the chemicals the gloves will be in contact with in the field than the estimates provided 
by the manufacturer for single chemicals. 
 
There are factors relevant to field work beyond the chemical compatibility of a 
glove. Cournoyer et al22 examined risk factors for new glove formulations for War Reserve 
purposes, considering ergonomic injuries and glove material compatibility during 
packaging tasks and detonator manufacturing. Five different nitrile and latex glove types 
were tested. The methodology examined both glove likeability, as rated by volunteers, 
and glove material compatibility. In order to test glove likeability, volunteers picked up 
small objects with tweezers while wearing each of the different glove types. This task was 
chosen as it mimics a task performed regularly in the detonator facility. The volunteers 
rated the gloves favourite, second favourite, or least favourite. The tests were performed 
in a random sequence to minimise the effect of learning. Glove material compatibility 
involved evaluating the materials in contact with explosives for compatibility. The glove 
material and pentaerythritol tetranitrate (PETN) were combined in a 1:1 ratio and tested 
using DSC and VTS, which are techniques used to determine some thermal characteristics 
of explosives. They found that volunteers preferred gloves with a specially treated surface 
to provide extra grip, control sensitivity, and fingertip control rather than the current 
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gloves used for DCA operations. The use of these gloves may contribute to lower 
ergonomic injuries. Both the approved gloves and the unapproved latex glove are 
considered reactive with PETN by DSC analysis. However, this study only included 17 
participants, which is a very small sample. Furthermore, as the participants were 
volunteers, there is potential for selection bias, whether on the part of the researchers or 
purely from the type of person who is likely to volunteer for such a study. Consequently, 
it may not be a sample that is representative of the workforce who is likely to utilise these 
gloves. Similarly, the small number means that there may be difficulty in extrapolating the 
findings of the likeability study. 
 
In the aforementioned review conducted by Mylon et al21, it was determined that 
the current state of knowledge and available test methods do not provide glove designers 
with adequate tools for improving glove performance through the use of evidence-based 
designs. As was identified in this review, there is a lack of studies that have focused on 
isolated glove properties and their subsequent effects on the practical performance of 
the glove. There is a need for research that aims to develop a framework for testing 
individual components of a glove to evaluate their efficacy in industry-relevant settings, in 
order to facilitate the development of a method allowing for the selection of appropriate 
gloves for the intended application.  
 
A wider range of research relating to gloves and how they react in fieldwork-type 
scenarios is required in order to gain a more accurate idea of how gloves will respond in a 
real-life scenario. In order to potentially improve workplace safety through the 
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implementation of new, improved glove designs, it is necessary to have a thorough 
understanding of the equipment that is currently in use. In today’s changing world, new 
products regularly become available in the marketplace. As such, it is important to seek 
out these items for continual process improvement. This will go towards improving 
occupational safety, and reduce the risk of chemical exposures. 
 
CHEMICAL MIXTURES COMMONLY ENCOUNTERED IN FORENSIC 
FIELDWORK  
In the fields of counter-terrorism and counter-narcotics, chemical mixtures are 
often routinely encountered. In the area of counter-terrorism, explosives are often 
present and required to be handled. Chemical combinations are utilised in order to create 
explosives, and workers dealing with explosives materials are required to interact with 
these mixtures. It is therefore important that the efficacy of the gloves used to protect 
the worker in this scenario is known in relation to the specific chemical combination. 
 
Explosive Materials 
Explosive materials have been widely used in both military and civilian 
applications12. Some explosives, such as TNT, TATP, or ANFO, can be prepared from 
ingredients and compounds that are easily obtained17,18,23. Toluene is a chemical that is 
often used in explosive devices, being a major component in the explosive compound TNT 
(trinitrotoluene). TNT (2,4,6-Trinitrotoluene) is a nitro compound explosive and one of the 
most widely used explosives14,24. There are large amounts of sulphuric acid and nitric acid 
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used in the preparation of TNT14. TNT is manufactured commercially through the nitration 
of toluene, initially utilising mixtures of concentrated sulphuric and nitric acids25. The use 
of dichloromethane as a solvent for the nitrating agent N2O5 helps to cool the reaction 
temperature, making the production of the explosive safer to facilitate25. ANFO 
(ammonium nitrate-fuel oil) is an explosive made from fertilisers and nitric or sulphuric 
acid. The ingredients for ANFO are both easily obtainable and cheaper than those 
required for other explosives24. The manufacture of both ANFO and TNT involve at least 
one of nitric or sulphuric acid. Explosive compounds, including TNT and the derivatives 
thereof are known to be toxic and carcinogenic15. The toxic nature of these chemicals 
means that worker protection when handling these compounds is highly important. In 
order to accurately determine the protective capacity of a particular glove, the simulated 
threat scenario needs to mimic the real-world threat as closely as possible13. The current 
classification and information relating to the suitability of gloves for the handling of 
chemicals does not reveal sufficient information relating to the compatibility of a glove 
with mixtures of chemicals; as such, further research in this area is required in order to 
enhance current knowledge on how gloves interact with chemical mixtures, and whether 




Methamphetamine manufacturing is frequently encountered in the field of 
counter-narcotics. Clandestine laboratories are found in diverse locations, including 
private homes, motels, apartments, and even vehicles26. Illicit methamphetamine 
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manufacture poses a multitude of health and safety hazards, including potential fire and 
explosive hazards26. These types of locations mean that it is important for any identified 
methamphetamine lab to be adequately cleared, which involves workers coming into 
contact with the chemicals used in the manufacturing process. Effective gloves are 
therefore required in order to ensure the safety of the workers involved in clearing the 
materials. While methamphetamine manufacture tends to be a highly adaptive process, 
utilising a range of potentially available chemicals, production typically falls into one of 
three manufacturing methods: Phenyl-2-propanone (P2P); Red Phosphorous; and Birch 
Reduction26. The Birch Reduction method requires a source of ammonia and a source of 
sodium, such as ammonium sulphate and sodium hydroxide, both of which area readily 
available chemicals26. The Birch Reduction method is also known as the anhydrous 
ammonia method, due to the use of large quantities of anhydrous ammonia. The 
obtainment of the chemicals involved in this process, both reactants and catalysts, is 
relatively straightforward. Sources of anhydrous ammonia are relatively easy to access, 
occasionally being stolen from farmers27. Ammonium sulphate is a commonly used 
garden fertiliser, and sodium hydroxide (also known as caustic soda) is used as a cleaning 
product; both these chemicals are therefore easily obtained for methamphetamine 
manufacture. Amphetamine-type substances (ATS), which include methamphetamine, 
globally exceed the combined use of both heroin and cocaine. In Australia, the use of ATS 
is second only to cannabis28.  
 
No matter how pure the chemicals being used to create the drug are, by-products 
– compounds that are derived from the reaction used to create the intended product – 
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will occur during synthetic methods28. These derivatives, or by-products, need to be dealt 
with and disposed of, and due to the hazardous nature of the materials, gloves will need 
to be worn during this process for worker safety. 
 
Clandestine drug labs typically contain chemical mixtures, both mixtures that are 
used to create the intended drug, but also any offshoot chemicals that may result from 
the process. Anyone who enters a clandestine drug lab is at risk of potential exposure to 
harmful chemicals11. In the case of methamphetamine development, a combination of 
ammonium sulphate, sodium hydroxide (otherwise known as caustic soda), and water is 
frequently encountered. Workers who are required to clean out drug labs are therefore 
likely to be coming into contact with this mixture of chemicals. Furthermore, it has been 
demonstrated that the concentration of methamphetamine increases after each cook11. 
This means that when dealing with established clandestine labs, there will be a greater 
risk of exposure to chemicals, especially on surfaces, making gloves a critical item of PPE. 
In the study that demonstrated the increasing concentration after each consecutive cook 
of methamphetamine, there was no indication of whether gloves are required to prevent 
any adverse effects to a person coming into contact with these surfaces. In order to 
ensure a safe workplace, the knowledge of how effective the gloves in use are in 
protecting workers from this chemical mixture is required. There are currently no studies 
investigating what impact this mixture of chemicals has on any property of a glove – 




In general there is little, if any, research relating to chemical mixtures and their 
impact on the efficacy of gloves. Specifically, the efficacy of a glove in relation to this 
specific combination of chemicals (ammonium sulphate, sodium hydroxide, and water) is 
not known, meaning the level of protection granted to any worker interacting with this 
mixture cannot be guaranteed. The same is true of the combination of nitric acid and 
sulphuric acid, and the combination of toluene and dichloromethane, both combinations 
which are often encountered in explosives25. As stated for the previous chemical 
combination, the efficacy of a glove in relation to this particular mixture is not known, 
with the same potential consequences for worker safety. Industry-specific research needs 
to be conducted with commonly encountered chemicals in order to ensure worker safety 
and to provide as safe an environment as possible for employees. 
 
CONCLUSION 
Despite the ubiquitous nature of glove use in both research and in the workplace, 
there is a dearth of studies relating to the use of gloves in industry and various real-world 
situations, representing a potential risk to users in the field. This presents a clear gap in 
the available research. In order to gain the most relevant knowledge as to the real-world 
efficacy of gloves, each glove type needs to be tested for practical application, using 
scenarios and materials that will be encountered during the use of the glove. With the 
exception of some industry-specific testing, such as investigating PPE in relation to 
isocyanate insulation, the few studies that currently exist relating to the use of gloves in 
industry or fieldwork utilise single chemicals for testing, similar to the testing conducted 
by glove manufacturers. There is a need for glove testing using the chemicals that will be 
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commonly encountered during use. This may involve individual research studies for each 
field of operation where gloves are used, and for each specific use the glove is intended 
to be used for. In this fashion, it is also important that the gloves being tested against a 
specific task are the gloves that will be worn in the real-world application of the task – if 
workers are likely to be wearing nitrile gloves in the enactment of a task, the testing 
needs to be conducted using nitrile gloves. This is due to the facts that gloves of different 
materials will react differently to different chemicals; permeability and tensile strength 
will be variable. Even between gloves of the same material, there is potential for 
deviation in glove thickness and other attributes that may affect the physical and 
chemical properties of the glove, which further underscores the need for testing. For 
example, nitrile gloves are often used in the areas of counter-terrorism and counter-
narcotics. In the field of counter-terrorism, there are combinations of chemicals that are 
often encountered in explosives. In the field of counter-narcotics, there are combinations 
of chemicals that are often encountered in drug labs, such as in labs where 
methamphetamine is developed. For those who work in these areas and are therefore 
exposed to these chemical combinations, it is important to know the efficacy and 
potential limitations of the gloves being used during the handling process. Glove selection 
may not purely be based on the properties of the gloves themselves; cost may be a 
contributing factor. The knowledge of whether or not a particular glove is effective, and 
the length of time for which a particular glove retains its efficacy, can help to safeguard 
worker health. As such, any testing that is conducted needs to be undertaken using the 
gloves that will be worn by workers in the field in order to obtain data that can be 




The combinations of sulphuric acid and nitric acid, and the combinations of 
toluene and dichloromethane, are both chemical combinations that are used in the 
manufacture of common explosives and are thus likely to be encountered in fieldwork by 
counter-terrorism officers. Similarly, the combination of ammonium sulphate, sodium 
hydroxide, and water is used in the manufacture of methamphetamine, and is therefore 
likely to be encountered by those working in the area of counter-narcotics. As such, the 
knowledge of how effective the gloves that are commonly used by these workers are, and 
for how long, is crucial for their safety during field operations. The considerations 
previously stated relating to glove testing in the area of counter-terrorism also apply to 
testing in the area of counter-narcotics.  
 
With this information in mind, the aim of this study is to evaluate the effectiveness 
and durability of nitrile gloves when in contact with selected hazardous chemical 
mixtures. These features will be evaluated through the following objectives:  
• Utilising established methods of an international standards for testing the nitrile 
gloves when exposed to chemical mixtures  
• Developing recommendations for nitrile glove use with these chemical mixtures 
• Recommending guidelines for the use of nitrile gloves when exposed to chemical 
mixtures in general 
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EVALUATION OF THE EFFICACY OF NITRILE GLOVES WHEN 














Hands are a common exposure site for chemicals, and as such, gloves are a core 
component of PPE (personal protective equipment). Existing research tends to focus on the 
efficacy of gloves in relation to single chemicals or compounds; however, much practical 
work with chemicals (such as counter-narcotics, counter-terrorism activity, and even 
industry) involves chemical mixtures. A chemical mixture may result in variations to 
breakthrough time and permeability of the glove material.   
Exposure testing of finger samples from these commonly used gloves (Ansell Micro-
Touch Nitratex Non-Sterile Examination Gloves) found that mixtures of 
toluene/dichloromethane, and ammonium sulphate/sodium hydroxide did not cause 
breakthrough in the nitrile for a period up to two weeks. The concentrated nitric 
acid/sulphuric acid mix reached breakthrough within 20 minutes, with many samples 
reaching breakthrough faster. The gloves were found to be more effective against diluted 
forms of the mixture. The gloves were also tested against concentrated nitric acid and 
sulphuric acid in isolation, to examine whether the combination of the two chemicals 
resulted in a different breakthrough time. The comparison of these breakthrough times 
with those of the mix suggests that the breakthrough time for the chemicals combined is 
shorter than either of the chemicals individually. 
The results obtained suggest that these nitrile gloves are effective protection 
against toluene/dichloromethane, and ammonium sulphate/sodium hydroxide mixtures. If 
these gloves are used as protection against strong nitric acid/sulphuric acid mixtures, then 
it would be recommended that the gloves be changed at least every five minutes; however, 
it is advisable to use gloves designed for industrial chemical use which provide more 
protection against these mixtures. Further research is recommended in order to gain a 
better understanding of the efficacy of gloves in relation to chemical mixtures, covering a 
wider variety of both gloves and chemical mixtures. 
 
Key words: nitrile glove, breakthrough times, chemical protection, personal protective 
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1.1. Gloves as PPE 
Gloves are a commonly utilised component of PPE (personal protective equipment) 
both in research laboratories and in the workplace. The hands have been identified as the 
highest-risk site for hazardous chemical exposure in the workplace1. However, there is a 
lack of research into glove use, relating to either industry or research. Given the pervasive 
use of gloves, this seems a significant oversight. Most of the glove research that does exist 
investigates the reaction of gloves to contact with single chemicals; this is similar to the 
type of testing conducted by glove manufacturers. Many industries, however, will be 
encountering chemical mixtures, rather than isolated chemicals or compounds. This is 
especially relevant in areas such as metallurgy, mining, counter-narcotics, and counter-
terrorism work. It is difficult to perform risk assessments for workers relating to acceptable 
exposure rates to chemicals – particularly chemical mixtures – as few guidelines exist1. 
Millions of workers interact with chemicals in the course of their jobs1, and as such this 
information is important to ensure their safety. 
  Due to differing interactions of chemicals and compounds, along with different 
glove compositions, each glove product needs to be tested against the various mixtures of 
chemicals likely to be encountered during glove use. This will differ from industry to 
industry and complicates the task further. To select the most appropriate glove, there 
needs to be an understanding of how the glove will interact with the mixture being 
handled. In order to improve occupational health and safety, as well as reduce the potential 
for exposure to hazardous chemicals, more extensive research into gloves and their inter-
reaction with commonly encountered chemical mixtures is necessary. Specific testing 
parameters are necessary to understand the efficacy of gloves in relation to specific 
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chemicals in discrete conditions. These parameters act as an indicator for the length of time 
for which the glove is providing adequate protection to the wearer2. 
 
1.2. Appropriate Glove Selection for Chemical Mixtures 
The capacity for selecting the most appropriate glove for chemical handling 
becomes increasingly complicated when working with chemical mixes, rather than single 
chemicals3, because the material of the glove may react differently to a mix of chemicals 
than to the individual chemicals. Knowing whether the glove will protect against the 
chemicals when combined, as well as in singular form, is necessary to ensure worker safety. 
Examining the permeability of the glove in each circumstance is necessary to evaluate the 
chemical resistance, and thus determine whether the particular type of glove is appropriate 
to use in a particular situation. Permeation rate can vary depending on the glove's 
material4, and this testing is typically undertaken by the manufacturers, according to an 
international standard5. However, these standards require testing for efficacy in relation to 
isolated chemicals, not chemical mixtures5. This means that in the real-world application of 
the glove, the manufacturer information may not provide the full information required to 
ensure worker safety, as users are more likely to encounter chemical mixtures5.  
  Two such areas where chemical mixtures are commonly encountered are the fields 
of counter-narcotics, and counter-terrorism. Clandestine laboratories frequently contain 
chemical mixtures, such as those created in the production of methamphetamines6. 
Encounters with chemical mixtures used in explosive devices are also becoming 
increasingly common7. The consequence of existing testing regimes which inform existing 
glove classifications is that users are not adequately informed on glove suitability for 
explosive material handling8, as the chemical mixtures likely to be encountered have not 
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been tested. As a consequence of the significant increase in the use of explosive materials 
in recent years7, this is becoming increasingly relevant. It is to be noted that explosive 
materials are not solely used in terrorist activities, but also in industry, such as mining or 
farming9. A commonly used explosive is 2,4,6-trinitrotoluene (TNT), the preparation of 
which involves high quantities of nitric and sulfuric acids10. For workers interacting with this 
solution, it is therefore critical to know how long their gloves will remain effective against 
the combination of these acids. This is of particular importance due to the toxic and 
carcinogenic nature of these chemicals11. A type of explosive whose use is increasing in 
popularity is peroxide explosives. This subgroup includes explosives such as triacetone 
triperoxide (TATP) and diacetone diperoxide (DADP)12. Both of these peroxide explosives 
have been used in improvised explosive devices (IED)12,13 for use in terrorist activity, as well 
as criminal activity such as detonating ATMs (automated teller machines)14. The increase 
in use of TATP in particular is likely due to the ease of acquiring the necessary reagents and 
synthesising the compound13,14, combined with the explosive power which is 80% of that 
of TNT14. This makes research into the safety when handling mixtures from the production 
of peroxide explosives an important consideration for future work. 
For the protective capabilities of a glove to be accurately determined, the simulated 
testing scenario needs to reflect the real-world situation as accurately as possible3,8, as the 
efficacy of the glove may be compromised under certain conditions, resulting in a failure 
to provide the required protection15. Manufacturer information may not sufficiently reflect 
the conditions under which the gloves are likely to be used, and studies that evaluate actual 
glove performance for use in industry are virtually non-existent3. This presents a significant 




With this in mind, this study aims to evaluate the efficacy and durability of nitrile 
gloves when in contact with selected hazardous chemical mixtures - specifically, nitric acid 
and sulphuric acid; toluene and dichloromethane; and ammonium sulphate and caustic 
soda (sodium hydroxide). These chemical mixtures have been chosen as both the mixtures 
of toluene and dichloromethane, and nitric acid and sulphuric acid, are encountered in the 
production of TNT, and ammonium sulphate and sodium hydroxide are commonly used in 
the manufacture of methamphetamine.  
 
2. Materials and Method 
2.1. Materials 
 Tests were conducted using the following AR grade reagents: nitric acid (70%, 
UNIVAR), sulphuric acid (95-98%, UNIVAR), toluene (99.5%, UNIVAR), dichloromethane 
(99.5%, UNIVAR), ammonium sulphate (99%, UNIVAR). Caustic soda was obtained from 
Bunnings (980 g/kg sodium hydroxide, Glitz). Testing was conducted on Ansell Micro-Touch 
Nitratex Non-Sterile Examination Gloves. The gloves have a finger thickness of 0.15mm / 
5.9 mil, and are made from the material nitrile. These gloves were chosen as they are 
commonly used in the laboratories at Murdoch University. Analysis was conducted using 
Fourier-Transform Infrared Spectroscopy (FTIR). The instrument used was a PerkinElmer 
Frontier FTIR/NIR Spectrometer, with a universal ATR (Attenuated Total Reflection) 







2.2. Glove Preparation 
The gloves tested were Ansell Micro-Touch Nitratex Non-Sterile Examination 
Gloves, size large, lot number 20060210HH. All gloves tested were from the same batch.  
The FTIR spectrum of the glove was analysed using FTIR-ATR to use as a baseline. 
128 scans were taken at three different points on each of the fingers to be used for testing 
- index finger, middle finger, and ring finger. Two of each finger type were tested. The 
gloves that were examined to establish baseline spectra were considered to be 
representative of the batch used for testing. 
To prepare the gloves for testing, the index, middle, and ring fingers were cut off 
the glove, as close to the palm of the glove as possible. These detached fingers were then 
turned inside out in order that the outside of the glove would be in contact with the 
chemicals for testing. The fingers were then inserted into the test tubes and folded over 
the top to hold it in place. There were at least three replicates for each test. 
  To reduce the potential for variability in the glove, each chemical mix was tested 
using only one type of finger. The nitric acid/sulphuric acid mix was tested in the index 
finger; the toluene/dichloromethane mixture was tested in the middle finger; and the 
ammonium sulphate/caustic soda mixture was tested in the ring finger. 
  
2.3. Chemical Preparation 
Prior to testing, stocks of the mixtures were prepared. This was to reduce variability 
between samples. The stocks prepared were: 
• Toluene and Dichloromethane  
▪ 100 mL 99.5% toluene, 100 mL 99.5% dichloromethane 
• Ammonium Sulphate, Caustic Soda, and deionised water 
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▪ A solution of 5 mol/L of sodium hydroxide, 3.825 mol/L of ammonium 
sulphate was generated by adding 101 g 99% ammonium sulphate and 40 
g Caustic Soda (sodium hydroxide 980 g/kg) to 200 mL deionised water 
• Nitric Acid and Sulphuric Acid 
▪ 100 mL 70% nitric acid, 100 mL 95-98% sulphuric acid 
▪ 25 mL 70% nitric acid, 25 mL 95-98% sulphuric acid, 50 mL deionised water 
▪ 10 mL 70% nitric acid, 10 mL 95-98% sulphuric acid, 80 mL deionised water 
A fresh stock of the 100 mL 70% nitric acid, 100 mL 95-98% sulphuric acid was 
prepared to use for further testing. 
  
2.4. Exposure Testing 
8 mL of each mixture was inserted into triplicate finger samples of the Ansell Micro-
Touch Nitratex Non-Sterile Examination Gloves, initially with parafilm covering the top of 
the test tube to reduce evaporation of the mixture. This step was discarded for the toluene 
and dichloromethane mixture, as well as the nitric acid and sulphuric acid mixture, as it was 
quickly perforating. 
  Each mixture had three samples for each trial. For the initial testing, the trials were 
24 hours, 48 hours, 72 hours, and two weeks.  
  All testing was conducted within a fume hood, at room temperature. After the 
required amount of time had elapsed, the finger was emptied of the chemical mix and left 






2.5. Further Testing - Nitric Acid/Sulphuric Acid Mix 
Additional trials were added for the nitric acid/sulphuric acid mix, due to the short 
breakthrough time. These trials were 5-minutes, 10-minutes, a 50% dilution of the 70% 
nitric acid/95-98% sulphuric acid mix, and a dilution to 10% of the 70% nitric acid/95-98% 
sulphuric acid mix. The 5-minute and 10-minute trials had six samples each, due to 
anomalies in the resulting breakthrough times.  
  8 mL of mixture was inserted into the finger and left for either five minutes or ten 
minutes. Six trials were conducted for each condition. After the assigned time had elapsed, 
the remaining mixture was emptied out of the finger of the glove, and the outside of the 
finger was rinsed with deionised water.  
  A 50% solution of the nitric acid/sulphuric acid mix was made up, containing 25 mL 
70% nitric acid, 25 mL 95-98% sulphuric acid, and 50 mL deionised water. 8 mL of this 
solution was inserted into the finger and left for one week. Three trials were conducted. 
  A 10% solution of the nitric acid/sulphuric acid mix was made up, containing 10 mL 
70% nitric acid, 10 mL 95-98% sulphuric acid, and 80 mL deionised water. 8 mL of this 
solution was inserted into the finger and left for one week. Three trials were conducted. 
  A pilot test was also conducted comparing the time to breakthrough for the nitric 
acid/sulphuric acid mix to the time to breakthrough for nitric acid, and sulphuric acid, in 
isolation. 8 mL of the respective chemical or mixture was inserted into the finger. After the 
initial pilot study, three more trials were conducted for each condition. 
  A test was conducted to determine whether making contact with the chemical mix 
with the glove would cause breakthrough. A small amount of the mixture was poured into 
a flat glass dish. The outside of the finger of the glove was touched against the mixture, and 
then left to sit for 10 minutes, 20 minutes, or 30 minutes, then rinsed with deionised water. 
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2.6. Double Gloving - Nitric Acid/Sulphuric Acid Mix 
A test was conducted to determine whether double gloving - wearing two layers of 
gloves at once - would provide extra protection and increase the breakthrough time. The 
index finger of the glove was inserted into the middle finger of the glove (to keep testing 
consistent, the mixture went into the index finger; the middle finger was selected for the 
outer glove to allow easier insertion of the two layers into the test tube). 8 mL of mixture 
was inserted into the gloves, and then left until breakthrough. This test was conducted in 
triplicate. 
All testing was conducted within a fume hood, at room temperature. After the 
required amount of time had elapsed, the finger was emptied of the chemical mix and left 
to dry before FTIR analysis.  
The fingers containing the nitric acid/sulphuric acid mix were rinsed with deionised 
water before being left to dry, as the FTIR ATR crystal had a recommended pH range of 5-
9. It was decided that a desiccator would not be used, as it may dry out the gloves and 
subsequently affect the function. All samples were kept in the fume hood, at room 
temperature. 
  
2.7. Analysis - FTIR 
The samples were analysed using FTIR-ATR. 128 scans were taken at three different 
points on each finger. The scans of each finger were compiled and compared to the baseline 
analysis to examine whether the mixture had permeated the glove. The instrument had a 






3.1. Exposure Testing  
The Ansell Micro-Touch Nitratex Non-Sterile Examination Glove samples were 
tested against the mixtures of toluene/dichloromethane, ammonium sulphate/caustic 
soda, and nitric acid/sulphuric acid. Due to breakthrough being reached rapidly for the 
nitric acid/sulphuric acid mix, testing was also conducted at 25:25:50, and 10:10:80 ratios, 
with distilled water being used to dilute the mixture. 
 
Table 1. Results of exposure testing, Toluene/Dichloromethane; Ammonium Sulphate/Caustic Soda/Distilled Water; and 
Nitric Acid/Sulphuric Acid. The length of time the sample was left for, and whether or not breakthrough was reached, was 
recorded. 







24 N   
  48 N   
  72 N   
  336 N   
3.825 mol/L Ammonium 
Sulphate/5 mol/L Caustic 
Soda/Distilled Water 
24 N   
  48 N   
  72 N   
  336 (2 weeks) N   
10% Mix: 70% Nitric Acid/95-
98% Sulphuric Acid/Distilled 
Water 
168 N Glove material discoloured 
50% Mix: 70% Nitric Acid/95-
98% Sulphuric Acid/Distilled 
Water 
168 N Glove material strongly 
discoloured 
70% Nitric Acid/95-98% 
Sulphuric Acid 




Out of six trials, one of the 
samples experienced 
breakthrough. 
  0.17 (10 
minutes) 
N Glove material strongly 
discoloured. Out of six 
trials, one of the samples 
experienced breakthrough. 
  24 Y Breakthrough occurred 
within 20 minutes 
  48 Y Breakthrough occurred 
within 20 minutes 
  72 Y Breakthrough occurred 
within 20 minutes 
  
For the mixtures of 99.5% toluene and 99.5% dichloromethane, and ammonium 
sulphate (3.825 mol/L) and caustic soda (5 mol/L), the gloves exhibited no sign of 
breakthrough up to a period of two weeks, when the mixtures were removed from the 
gloves. All samples were tested using FTIR-ATR analysis. The produced spectra displayed 
no notable difference from the baseline spectra obtained from the glove prior to testing. 
The testing of the 70% nitric acid and 95-98% sulphuric acid mix was set up, with 12 
test tubes set up with the fingers of gloves containing the mixtures. All of these samples 
exhibited breakthrough within about 20 minutes, with the glove sample blackening and 
shrivelling up, expelling a cloud of yellow-brown gas. Subsequently, shorter testing times 
were implemented, with 5-minute and 10-minute intervals being tested. Out of six trials 
for each chosen period of time, one glove sample exhibited breakthrough with the 
accompanying blackening of the glove and expelled cloud of gas. Despite the appearance 
of the glove showing strong discolouration - stronger for the 10-minute samples than the 
5-minute samples - the other five trials did not exhibit signs of breakthrough. A third test 
using these chemicals was undertaken, with the mixture being diluted to 50% and 10% 
respectively. These samples were left for a period of one week and exhibited no signs of 
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breakthrough. The samples containing the 50% acid mixture exhibited strong 
discolouration, while the 10% acid mixture exhibited mild, but still noticeable, 
discolouration. 
Samples that had not undergone blackening and shrivelling of the material were 
tested using FTIR-ATR analysis. The produced spectra displayed no notable difference from 
the baseline spectra obtained from the glove prior to testing.   
 
3.2. Further Exposure Testing - Nitric Acid/Sulphuric Acid Mix 
Due to the rapid breakthrough of the samples when exposed to the nitric 
acid/sulphuric acid mix, further testing was conducted using this mixture. This testing 
included diluting the mixture, and conducted trials using much shorter time frames. 
 
Table 2. Results of Further Exposure Testing, Nitric Acid/Sulphuric Acid. Glove samples were tested against a Nitric 
Acid/Sulphuric Acid Mix at ratios of 50:50, 25:25:50 (diluted with distilled water), and 10:10:80 (diluted with distilled 
water). Time to breakthrough was recorded (if breakthrough occurred). 
Mixture Ratio Trial Sample No. Time to breakthrough 
(min) 
70% Nitric Acid/95-
98% Sulphuric Acid 






25:25:50 1 week 1-3 - 
  10:10:80 1 week 1-3 - 
70% Nitric Acid/95-
98% Sulphuric Acid 
50:50 5 min 1   
      2 - 
      3 5 
      4 - 
      5 - 
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      6 - 
    10 min 1 - 
      2 - 
      3 9 
      4 - 
      5 - 
      6 - 
  
 
Figure 1. Control Sample (left) and 5-minute Exposure Sample (right) 
 
Figure 2. Control Sample (left) and 10-minute Exposure Sample (right) 
The average time to breakthrough observed for the 50:50 ratio mixture of nitric acid 
and sulphuric acid, including the separate 5- and 10-minute trials, was 15.85 minutes. (The 
average time to breakthrough excluding the 5- and 10-minute trials was 17.33 minutes). 
The 50% acid mixture and the 10% acid mixture showed no signs of breakthrough up to a 
period of one week. 
 
Figure 3. Control Sample (left) and 50% Nitric Acid/Sulphuric Acid Sample after 1 week (right) 
 




FTIR testing on these samples showed no significant signs of permeation for the 
50% acid mixture samples, the 10% acid mixture samples, or the five-minute exposure 
samples. However, the FTIR spectra suggest that permeation has occurred in the ten-
minute exposure samples. A trough can be seen between the range of 3400 – 2900 cm-1 on 
the spectra for the 10-minute exposure sample that is not present on the control sample 
spectrum, and the peak at 2918 cm-1 that is present on the control sample spectra is absent 
in the exposure samples. A trough is visible in the same 3400 – 2900 cm-1 range on the 
spectra for both the nitric acid and sulphuric acid samples. This suggests that some damage 
may have occurred to the functional group CH2. 
 
 
Figure 5. FTIR Spectra for the control sample (pink), sulphuric acid sample (red), nitric acid sample (black), and the nitric 
acid/sulphuric acid ten-minute exposure sample (blue). 
3.3. Comparison Testing – Nitric Acid, Sulphuric Acid, and Nitric Acid/Sulphuric Acid Mix 
A pilot study was undertaken to see if there were differences between the 
breakthrough times of the chemicals in conjunction and separately. 
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Table 3. Time to breakthrough for Nitric Acid, Sulphuric Acid, and Nitric Acid/Sulphuric Acid Mix; Pilot Trial. Each respective 
chemical/mixture was inserted into a glove sample, and then left until breakthrough was reached. Time to breakthrough 
was recorded. 




98% Sulphuric Acid 
26 min, 48 sec Mixture began exuding a cloud of yellow/brown gas 
at 29 min, 9 sec 
95-98% Sulphuric Acid 26 min, 32 sec   
70% Nitric Acid >15 hours Mixture was left overnight after being observed for 
over 6 hours and 20 minutes (last observed at 1700); 
breakthrough had occurred by 0810 the next morning 
  
The first 50 minutes of this test was recorded to observe the reaction of the glove 
samples. The sample containing the sulphuric acid exhibit signs of breakthrough after 26 
minutes and 32 seconds. The sample containing the nitric acid and sulphuric acid mix 
exhibited signs of breakthrough at 26 minutes and 48 seconds. The sample containing the 
nitric acid exhibited breakthrough after approximately 15 hours. The nitric acid 
breakthrough was not recorded due to the battery life of the recording device. 
  Following the pilot study, a new trial was undertaken with three samples each of 
the sulphuric acid; nitric acid; and nitric acid/sulphuric acid mix.  
  
Table 4. Results of Testing to Breakthrough; Nitric Acid, Sulphuric Acid, and Nitric Acid/Sulphuric Acid Mix. Each respective 








70% Nitric Acid 1 19:04:00 Glove discoloured to pale yellow. 
Breakthrough occurred cleanly. 
  2 16:24:00 Glove discoloured to pale yellow. 
Breakthrough occurred cleanly. 
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  3 16:14:00 Glove discoloured to pale yellow. 
Breakthrough occurred cleanly. 
95-98% Sulphuric 
Acid 
1 00:17:55 Glove discoloured to a pale purplish colour 
prior to breakthrough. Glove material 
dissolved into a brown lattice-like 
appearance. Lattice was brittle to touch. 
  2 00:19:12 Glove discoloured to a pale purplish colour 
prior to breakthrough. Glove material 
dissolved into a brown lattice-like 
appearance. Lattice was brittle to touch. 
  3 00:18:17 Glove discoloured to a pale purplish colour 
prior to breakthrough. Glove material 
dissolved into a brown lattice-like 
appearance. Lattice was brittle to touch. 
70% Nitric Acid/95-
98% Sulphuric Acid 
1 00:10:53 Fuming occurred prior to breakthrough. 
Glove material blackened and 
disintegrated. 
  2 00:08:13 Fuming occurred prior to breakthrough. 
Glove material blackened and 
disintegrated. 
  3 00:17:27 Fuming occurred prior to breakthrough. 
Glove material blackened and 
disintegrated. 
  
The average time to breakthrough observed for the nitric acid was 17 hours and 14 
minutes. This is including the sample that took almost three hours longer to reach 
breakthrough than the other two. The average time to breakthrough for the sulphuric acid 
was 18 minutes and 28 seconds. The average time to breakthrough for the nitric 
acid/sulphuric acid mix was 12 minutes and 11 seconds. This is including the sample that 
took almost seven minutes longer to reach breakthrough than the other two samples. 
  
3.4. Nitric Acid/Sulphuric Acid – Further Testing 
Further testing was undertaken using the 70% nitric acid/95-98% sulphuric acid 
mixture to examine breakthrough and permeation in relation to double gloving - a common 




Table 5. Further Testing of Nitric Acid/Sulphuric Acid Mix; Contact Testing and Double Glove Testing. Contact Testing: 
glove samples were touched to the mixture and then left for 10-, 20-, or 30-minutes before being rinsed. Double Glove 
Testing: conducted as exposure testing, but with two layers of glove sample. 












10 1 N - Outside of glove sample 
lightly discoloured in 
areas that had come into 
contact with the mixture. 
    2 N -   
    3 N -   
  20 1 N -   
    2 N -   
    3 N -   
  30 1 N -   
    2 N -   






1 Y 14.01 Fumed shortly before 
breakthrough occurred. 
Glove material dropped 
to base of test tube, 
appeared to be being 
consumed by the 
mixture. Secondary 
fuming occurred at ~18 
minutes.  
  To 
breakthrough 
2 Y 16.58 Fumed shortly before 
breakthrough occurred. 
  To 
breakthrough 
3 Y 16.40 Fumed shortly before 
breakthrough occurred. 
  
The average time to breakthrough observed for the double glove testing was 15 
minutes and 53 seconds. 





Figure 6. FTIR Spectra for the control sample (pink), sulphuric acid sample (red), nitric acid sample (black), and the 
contact testing 30-minute sample (green). 
  
The FTIR spectra for all contact testing samples (10-minute, 20-minute, and 30-
minute) suggest that no significant permeation has occurred; the chemical mixture had not 
reached the inside of the glove. The peaks at 2918 cm-1, and 966 cm-1 are less pronounced 
in the contact testing sample spectra than in the control sample spectra. This suggests that 
some damage has occurred to the functional group CH2. 
 
4. Discussion 
4.1. Permeability and Breakthrough Time Variations 
As the glove samples exhibit no signs of breakthrough or significant permeation in 
relation to both the toluene and dichloromethane mixture, and the ammonium sulphate 
and caustic soda mixture,  after exposure for a period of two weeks, it can be reasonably 
concluded that the gloves will protect the user from these mixtures for the duration of use.  
The glove samples generally experienced breakthrough of the nitric acid/sulphuric 
acid mixture within 20 minutes, but breakthrough was also observed as early as five 
minutes and nine minutes for individual samples. Furthermore, permeation of the nitric 
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acid/sulphuric acid mix was observed on the FTIR spectra for the 10-minute samples. This 
suggests that if these gloves are to be used to handle this mixture for prolonged contact, 
that it should only be used for less than five minutes at a time. The lack of permeation 
observed for the nitric acid/sulphuric acid dilutions - the 50% mixture and the 10% mixture 
- after a period of one week suggests that the nitrile gloves provide adequate protection 
against this mixture depending on the strength of the acids used. However, as the strength 
of a chemical is unable to be determined visually, it would still be recommended to operate 
as though the chemicals were at a high percentage strength to avoid serious injury. A 
definitive recommendation cannot be made regarding this mixture – although the average 
time to breakthrough using the full-strength mixture was found to be between 12 and 17 
minutes depending on the testing set, the breakthrough times ranged from 5 minutes to 
just over 26 minutes. As such, 12 minutes of protection cannot be guaranteed. It would be 
recommended to do further testing of this mixture against different glove products in order 
to find a more protective glove for the handling of this mixture.  
The average time to breakthrough for the double glove samples was 3 minutes and 
42 seconds longer than the average time to breakthrough for the single glove samples; 
however, when breakthrough occurred in the double glove samples, the failure was more 
pronounced.  This would indicate that the practice of double gloving would provide some 
additional time of protection; however, when breakdown occurs, the destruction of the 
glove material is worse. It would therefore still be recommended that gloves are changed 
at least every five minutes.  
The contact testing samples displayed no significant signs of permeation, suggesting 
that the gloves will protect the user from incidental contact with the chemical mixture in 
the course of work. The results would suggest that the gloves provide an adequate level of 
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protection for this level of contact, but that if more prolonged contact is required, either 
frequent glove changes or a more protective glove is required. 
  
4.2. Individual Chemicals vs Chemical Mixture 
The comparison of the breakthrough times for the nitric acid, sulphuric acid, and 
nitric acid/sulphuric acid mix respectively suggests the breakthrough time for the two 
chemicals combined is shorter than either of the chemicals individually. The average 
breakthrough time for the nitric acid/sulphuric acid mix was 6 minutes and 17 seconds 
faster than the average breakthrough time for the sulphuric acid, and over 17 hours faster 
than the breakthrough time for the nitric acid. This supports the hypothesis that the 
breakthrough time for a chemical mixture may be different than the breakthrough times 
for either of the individual chemicals in isolation.  
  
4.3. Glove Variability  
The variation in breakthrough times within chemicals suggests that there is some 
variability within the gloves in a batch. All gloves used were from the same box of gloves, 
but some samples displayed noticeably different breakthrough times. The thickness of the 
fingers of the gloves according to the box is 0.15mm, or 5.9 mil. An assumption in this study 
was that the gloves tested as the control samples would be representative of the batch and 
therefore were used as a baseline; however, the variability in breakthrough times suggest 







The application of this study is limited, as only one type of glove was examined, and 
three chemical mixtures. Due to time restraints, and limited availability of stock due to 
COVID-19, testing was unable to be undertaken with other gloves. However, this research 
does serve as a pilot study to support the notion that chemical mixtures may react 
differently to glove material than the chemicals might in isolation. It also does provide 
practical application for anyone who needs to interact with these specific mixtures. 
Another limitation is that FTIR analysis does not provide an accurate determination of 
whether permeation has occurred. Microscopy was unable to be undertaken in this 
research but would be strongly recommended for further research in this area, as well as 
testing that would allow for quantifiable reporting of permeability.  
 
4.5. Further Research  
In light of the results obtained in this study, and the identified limitations, further 
research is recommended in order to gain a better understanding of the efficacy of gloves 
in relation to chemical mixtures. Stress-testing the gloves in order to determine their tensile 
strength would provide useful information, as the gloves do not remain motionless when 
in use, and the tensile strength may subsequently affect the permeability and breakthrough 
time of the glove. More accurate determination of glove permeability should also be 
examined. Furthermore, a wider variety of glove types need to be tested in order to provide 
more accurate information, but to also provide an available selection from which to select 
the most appropriate protective equipment for the task at hand. Similarly, a wider variety 
of chemical mixtures should be tested against the gloves for the same reasons. Testing of 
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chemical mixtures and gloves tailored to particular areas of industry would provide relevant 
information to those intending to use the gloves for protection in the workplace.  
 
5. Conclusion 
Although gloves are widely used both in research and industry, few studies exist 
examining glove use in industry-specific scenarios in a way that provides real-world 
application. To obtain relevant information relating to glove efficacy and to establish 
protocols for the safe use of gloves in the workplace, each glove type needs to be tested in 
a way that replicates its intended use. From the results of this study, it can be concluded 
that chemical mixtures may react differently to gloves than the individual chemicals, which 
suggests that glove type intended to be used needs to be tested against the specific mixture 
it is intended to be used as protection against. Industry-specific testing of both glove types 
and commonly encountered chemical mixtures is necessary to obtain relevant safety 
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Appendix 1 – Raw Results Table  
Table 6. Raw experimental data 









Nitric Acid/Sulphuric Acid 50:50  24hrs 1 10.26 14 Perforated the parafilm at 10.18, cloud of yellow-brown 
gas released 
      2 10.28 14 Perforated parafilm at 10.19, cloud of yellow-brown gas 
released - parafilm removed from rest of test tubes 
      3 10.37 17   
    48hrs 1 10.40 23 Perforated top of glove at 10.47, cloud of yellow-brown 
gas released 
      2 10.40 18 Perforated top of glove at 10.31, cloud of yellow-brown 
gas released 
      3 10.42 17   
    72hrs 1 10.51 20 Perforated top of glove at 10.49, cloud of yellow-brown 
gas released 
      2 10.51 18 Perforated top of glove at 10.48, cloud of yellow-brown 
gas released 
      3 10.51 17   
    2 weeks 1 10.51 16 Perforated top of glove at 10.52, cloud of yellow-brown 
gas released 
      2 10.51 15   
      3 10.56 19 Perforated top of glove at 10.46, cloud of yellow-brown 
gas released 
            Gloves began to discolour within 2 minutes. Appeared 
yellow-brown from the outside of the test tube, and 
appeared pinkish on the inside 
Nitric Acid/Sulphuric 
Acid/Water 
25:25:50 1 week 1 - - Gloves discoloured to a dark beige 
      2 - - Gloves discoloured to a dark beige 
      3 - - Gloves discoloured to a dark beige 
  10:10:80 1 week 1 - - Gloves discoloured to a lighter blue 
      2 - - Gloves discoloured to a lighter blue 
      3 - - Gloves discoloured to a lighter blue 
Nitric Acid/Sulphuric Acid 50:50 5 min 1 -   Gloves discoloured to a pale pink/purple 
      2 - - Gloves discoloured to a pale pink/purple 
      3 09.16 5 Glove blackened and disintegrated 
      4 - - Gloves discoloured to a pale pink/purple 
      5 - - Gloves discoloured to a pale pink/purple 
      6 - - Gloves discoloured to a pale pink/purple 
    10 min 1 - - Gloves discoloured to a yellowy-beige 
      2 - - Gloves discoloured to a yellowy-beige 
      3 09.39 9 Glove blackened and disintegrated 
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      4 - - Gloves discoloured to a yellowy-beige 
      5 - - Gloves discoloured to a yellowy-beige 




















Appendix 2 – FTIR Spectra 
Ammonium Sulphate/Caustic Soda Mix 
 
Figure 7. FTIR Spectra for the control sample (green), 24hr sample (black), 48hr sample (red), 72hr sample (blue), and 
the 2wks sample (pink). 
  
  
Contact Testing, 10mins 
 
Figure 8. FTIR Spectra for the control sample (pink), sulphuric acid (red), nitric acid (black), and the contact testing 10-







Contact Testing, 20mins 
 
Figure 9. FTIR Spectra for the control sample (pink), sulphuric acid (red), nitric acid (black), and the contact testing 20-
minute exposure sample (yellow). 
  
Contact Testing, 30mins 
 
Figure 10. FTIR Spectra for the control sample (pink), sulphuric acid (red), nitric acid (black), and the contact testing 20-







Nitric Acid/Sulphuric Acid Mix, 5mins 
 
Figure 11. FTIR Spectra for the control sample (dark pink), sulphuric acid (red), nitric acid (black), and the nitric 
acid/sulphuric acid five-minute exposure sample (light pink). 
  
Nitric Acid/Sulphuric Acid Mix, 10mins 
 
Figure 12. FTIR Spectra for the control sample (pink), sulphuric acid (red), nitric acid (black), and the nitric acid/sulphuric 








Nitric Acid/Sulphuric Acid Mix, 50% dilution 
 
Figure 13. FTIR Spectra for the control sample (pink), sulphuric acid (red), nitric acid (black), and the 50% nitric 




Nitric Acid/Sulphuric Acid Mix, 10% dilution 
 
Figure 14. FTIR Spectra for the control sample (pink), sulphuric acid (red), nitric acid (black), and the 10% nitric 










Figure 15. FTIR Spectra for the control sample (black), 24hr sample (red), 48hr sample (blue), 72hr sample (pink), and the 





















Appendix 3 – Samples Table 
Table 7. Photographed Samples 
Chemicals Test Sample 
No. 
Photograph 
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 48hrs 1 
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 2wks 1 
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  2 
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 2wks 1 
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 5mins 1 
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 10mins 1 
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  3 NO IMAGE COLLECTED – SAMPLE TOO DAMAGED 
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